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observed when 2 rbcL specific probe was used (ZURAWSK] 
et al.; 1981). The results suggest that the promoter of the 
rbcL gene, which resides in the chloroplasts. is less sensitive 
to light stimuli than both the endogenous cbcS and the newly 
introduced chimaeric gene. Dot blot experiments were 
included to quantify these results (FIG. 5B). The same 
probes were used as mentioned before. Individual dots were 
cut out and the radioactivity counted. A difference of about 
2§-fold was measured between poly(A} RNA from light- 
and dark-grown teratoma shoots probed with either rbcS of 
npill sequences. In contrast, the difference is only 5-fold for 
poly(A}- RNA specific for rbcL sequences. These results 
support the Northern experiments indicating that the tran- 
scripts of the chloroplast gene coding for the large subunit 
js less sensitive to influence of light in comparison with the 
auclear gene for the small subunit. In addition, it seems that 
the pea rbcS promotor of the introduced chimacric gene has 
a sensitivity to different light regimes which is comparable 
to that of the endogenous promotor or promoters measured 
in the tobacco teratoma tissue. 


Features of Fusion Proteins 


in order to detect the fusion protein formed between the 
rransit peptide. the NH,-terminal region of the mature smal} 
subunit and the NPTI protein in plants, an assay detecting 
the phosphotransferase-II activity in crude extracts of plants 
was developed. The method was adapted from published 
procedures (REISS et al, 1984a) and eliminates most of the 
endogenous self-phospherylating proteins which interfere 
with the assay by proteinase K treatment. The results pre- 
sented in FIG. 6 demonstrate that NPTII activity is detected 
in a crude extract (lane 4) of leaves of tobacco plants 
containing the pGV3850::pSNIF construct. The activity 
migrates in the gel assay with a mobility which is interme- 
diate between that of the TP-NPTII fusion protein (35.5 kd) 
and that of the normal NPTIL PROTEIN (29 kd) from 
extracts of E. coli Gane 1). The relative mobility of the 
NPTI activity in lane 4 is consistent with a conclusion that 
it represents the processed form of the precursar protein 
(SS-NPTID which has a theorctical molecular weight of 
32.298. Since the polarity index (CAPALDI and 
VANDERKOOIT; 1972) of the three proteins is 41 foc NPTIL 
40 for SS-NPTI and 41 for TP-NPTIL, it is legitimate to 
compare the three proteins by their mobility on native 
polyacrylamide gels (see FIG. 6B). Indeed the unprocessed 
TP-SS-NPTU protein has a molecular weight of about 
33.000 and would therefore presumably migrats more 
slowly than the TP-NPTI marker, the SS-NPTIL fusion 
protein is degraded in vitro after isolation yielding active 
subfragments with a mobility which approaches that of the 
normal NPTI enzyme. That the lower molecular weight 
spots seen in FIG. 6A and 7 are due to unspecific degradation 
svas shown by demonstrating that this and other NPT 
fusion proteins are actually degraded in vitro in both bac- 
terial and plant extracts (data not shown). Incubation in the 
presence of protease inhibitors could not completely prevent 
‘this degradation. No activity was detected in control extracts 
from tobacco Jacking the TP-SS-NPTI chimaeric gene (lane 
3). The SS-NPTIL activity observed in crude extracts can 
also be detected in isolated chloroplasts (ane 2). The 
selative amount of activity detected in the chloroplats is 
significantly less than the activity obscrved in crude extracts. 
This is probably due to leakage of the activity out of the 
chloroplasts during chloroplast isolation. Indeed the proce- 
dure used to isolate chloroplasts led, with this particular 
plant material, to a substantial damage of the chicroplasts. 
More than 90% of the chloroplast material is either visibly 
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damaged or runs at a reduced density in the percoll gradi- 
ents. Further manipulations during recovery end concentra- 
tion prior to the NPTIL assay could contribute to firther 
minor damage leading to significant loss of the protein by 
leakage. These observations do not exclude the possibility 
that although all of the precursor TP-SS-NPTIL protein is 
processed to the SS-NPTII form, it is not actually all 
transported in vive into the stroma of the chloroplasts. 
However the data obtained clearly demonstrate that at least 
some of the processed SS-NPTII protein is within the 
stromal fraction of the chloroplasts. Indeed the activity 
associated with the chloroplasts was shown to be located 
within the stroma by demonstrating that broken chloroplasts 
did not contain any detectable NPTT activity and that the 
NPTT activity in intact chloroplasts could not be eliminated 
by trypsin treatment (data not shown). Further evidence that 
the detected SS-NPTII activity was derived from the intro- 
duced light inducible chimaeric gene was obtained by dem- 
onstrating that the activity was significantly reduced when 
tobacco plants containing the pGV3850::pSNIF construct 
and grown in the green house is a 12 hour ightvdark regime 
(FIG. 7. lane 3) were transferred for 96 hours to complete 
darkness (FIG. 7, lane 2). 

The details concerning the conditions under which the 
constructions of DNA recombinants were obtained and the 
methods used for appreciating the results asserted 
hereaboye. inasmuch as they are not ascertainable from the 
previous discussion will be recalled hereafter. 


MATERIALS AND METHODS 
Stains and Plasmids 
E. coli DH1 was used for in vitro transformation Augro- 
bacterium CS8CIRif was the receptor strain in all bacterial 
conjugations. The conjugation followed the protocol 


described by Van Haute et al. (1983) and ZAMBRYSKI et 
aL. (1984). 


DNA Techniques 


Restriction endonucleases and other DNA modifying 
enzymes were used as recommended by the manwactirers. 
Other techniques were used as described by MANIATIS et 
al. (1982). 


Nopaline Assay 


The presence or synthesis of nopaline due to expression of 
the nos gene in transformed calli and regenerating shoots 
form these calli monitored according to OTTEN (1982). 


Plant Transformation 


Small axenically growing plants were kept in 4% M+5S 
medium (MURASHIGE and SKGOG,. 1962) in jars and 
were inoculated after decapitation with Agrobacterium 
strains as described (ZAMBRYSKI et al., 1984). Wound 
calli were removed and put on medium containing 0.2 me/i 
benzaminopurine and 0.6 mg/l indolacetic acid and 0.5 
me/ml cefo taxime (HOECHST). After ca. 4 weeks the 
callus material was transferred to hormone free medium and 
emerging shoots were tested for nopaline production. Nopa- 
line synthase positive shoots were propagated and tested on 
100 to 500 ug/ml kanamycin Teratoma shoots which grew 
on concentrations of 100 ug/ml or higher were used for 
analysis. Protoplast were kept in coculture with Agrobacte- 
ria according to MARTON et al. (1979) with modifications 
described by HAIN et al. (1985). 
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Analysis of DNA and RNA 


DNA was isolated according to BEDBROOK (1981) from 
preparations of nuclei. The DNA was digested with restric- 
ton endonucleases (10-30 ug/lane, overnight digestion with 
a 3-fold excess of enzymes), separated on agarose gels 
according to size and transferred to nitrocellulose filters 
(THOMAS, 1983). Hybridization with radioactive probes 
was perfonned in 50% formamide, 4 times SSC, 10 times 
Denhardt’s solution, 0.2 SDS and 0.1 mg/ml calf thymus 
DNA at 50° C. for 48 hours (BOHNERT et al., 1982). The 
filters were washed twice for 15 minutes each in 50% 
formamide, 4 times SSC at the hybridization temperaiure, 
followed by washing in 50% formamide, 3 times SSC at 
room temperature (1-4 hours) and 2 times SSC at room 
temperature (1 bour). Dot blot hybridizations were pet- 
formed according to THOMAS (1983) with DNA amounts 
covering a range equivalent from 1000 to 0.1 gene copies 
per sample. Hybridization was as described above. RNA was 
isolated according to CHIRGWIN et al. (1979), and sepa- 


oligo a(T}-cellulese (Collaborative Research, type 1) fol- plasmid pPSR6 S-RV next. to a 950 bp DNA Tragment 
fowing the procedure of AVIV and LEDER (1972). RNAs  (coRI-EcoRV) containing ts ping ee and ee 
pee ted according to size in 1% agarose gels con- 5 -end of the ibcS gene resulting in plasmid 1-22. In this 
taining 5 mM methylmercury hydroxide (BAILEY and ,. plasmid the HindIil-BamHI fragment was replaced by 2 
AVIDSON, 1976). Hybridizations with **P-labelled, nick- Hindii-Sau3A fragment (53 bp) from the original rbcS 
-ranslated probes were carried out as described (BOHNERT clone (pPSR6) to form the plasmid 4 containing the fusion 
an 1982); between 2 and 3x10° cpm/lane were used. gene. The pBR derived region in Il-4 was exchanged against 
) an EcoRi-Sali fragment from pGV7 10 in order to introduce 
Neomycin Phosphotransferase Activity Assay streptomycin and spectinomycin resistance to be used as a 
. 30 yparker to select for cointegration of this final plasmid 
The assay was adapted for plant extracts froma procedure = (,entp (10.4 kbp)) with the Ti-plasmid in Agrobacterium. 
al., 1984a). Between 20 and 100 mg of tissue from fans- of the Smal SalI fragment of pSNIP with an Pvull-Xhol 
formed plants was crushed in 0.1 mi buifer (10% glycerol. — sapment from the otcopin synthase gene from plasmid 
5% o-mercaptocthanoL 62.5 mM TosHG, pH 6.8. 50 35 : 1 : 
pAGV40 (HERRERA-ESTRELLA et al. 1983; DE GREVE 
ug/ml bromophenol blue and 0.1% SDS). Several protease gt a. 1983) harboring the polyadenylation site of that gene 
inhibitors were used in an attempt to inhibit specific and yes to a BamHI restriction site of that gene next to a BamHl 
unspecific ara Aprotinin oes ae athe was pacertction cite: 
used st a final concentration o u in water. 2 7 : 
p-hydroxy-mercuri-benzoate (PHMB) was used at a con- 9 2) Structure of the rbcS-npt- Chimaeric Gene (FIG. 1B) 
centration of 1 mM, e€-amino-n-caproic-acid and 1-10- The black bar represents the transit-peptide sequence with 
phenantroline were added to 2 final concentration of 5 mM. the first AT G. the white area (two codons in exon 1 and 22 
Protease inhibitors were used according to Gray (1982). . codons in exon 2) is interrupted by the first intron and 
Cristalline phenylmethylsulfonylfiuoride (PMSF) was — Tepresents the mature rbcS sequence. The hatched part 
added irnmediately before use at a concentration of 100 45 represents the nptil sequence. . ° 
ug/ml The cleared homogenate (5 mix, 13,000 rpm. Eppen- 3) Southern Hybridization Experiments (FIG. 2) 
dorf centrifuge) was loaded onto 10% non-denaturing poly- Hybridization of different probes to nuclear DNA from 
acrylamide gels (Lacmmli, 1970; without SDS). Afterelec- transformed (pGV3851::pSNIP) (a. ¢ and e) and untrans- 
trophoresis the buffer in the gel was exchanged against 67 formed (b and d) tobacco. In Southern hybridization experi- 
mM Tris/maleate, 42 mM MgCl2. 460 mM NH4Cl. pH 7.1. 50 ments (Southem. 1975) lane a and b resolve bands of 
and the acrylamide gel was covered by an agarose gel(1%) _— different size resembling the small subunit gene family when 
containing kanamycin-sulfate (1 mg/ml) and 7*P-ATP (5 a 661 bp EcoRV-Avalll DNA fragment form the genomic 
uCi/um pf a specific activity of 2000-3000 Ci/mMol) inthe small subunit clone was used as probe (Cashmore. 1983). An 
same buffer as the polyacrylamide gel. The gel-sandwich additional band of 10.4 kbp reveals the chimacric gene 
was covered by Whatman P81 paper. Whatman 3MM paper, 55 fragment in lane a. In lanes c. d and e DNA was digested 
and paper towels. After 3 hours the P81 paper was incubated § with PstI and EcoRI and either the promoter region of the . 
for 30 minutes in a solution containing 1% SDS andi mg/ml small subunit gene (972 bp EcoRUHindIil fragment) (lane c 
proteinase K in water at 60° C. and subsequently washed and d) or the coding region of the nptil gene (1000 bp 
several times in 10 mM phosphate buffer (pH 7.5) at 80° BamHl/Smal fragment from plasmid pKM109/9) were used 
C.. dried and exposed to Kodak XR5 film for up to 48 60 as probes. In lane ca strong signal is detected from untrans- 


hours. The principle of this method is the binding of 
kanamycin to the phosphorylated DEAE paper by which the 
positions in the gel are revealed where a kanamycin phos- 
phorylating activity migrated. The additional proteinase 
treatment suppresses signals of planet activities which after 
phosphorylation bind to P81 paper but do not phosphorylate 
kanamycin. 
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Isolation of Chloroplasts 


Chloroplasts were isolated from 1-2 g of leaves of 
transformed plants. Structurally intact chloroplats were col- 
lected from Percoll (Pharmacia) gradients (Ortiz et al, 
1980). The washed chloroplasts were concentrated by 
centrifugation, lysed and than used for the in situ demon- 
stration of NPTII activity as described above. Trypsinisation 
of chloroplasts was performed according to BARTLETT et 
al. (1982). 


CONSTRUCTIONAL DETAILS AND METHOD 
EMBODIMENTS IN RELATION TO THE 
DRAWINGS 


1) Construction of the Chimaeric rbcS-npt-Il Genes pSNIP 
and pSNIF (FIG. 14) 


A BamHI-Sall fragment from pKM109/9 (REISS et al. 
1984b) containing the entire coding region from a modified 


formed material (lane d). Weak signals in lane c are most 
likely duc to crosshybridization of endogenous rbcS 
sequences or incomplete digestion of the DNA. In lane ea 
band of 0.9 kbp lights up the internal Pstl fragment of the 
nptll gene and the weaker band shows again the 1.5 kbp 
fragment seen in lane c. due to a small overlap between the 
probe and the promotor region of the chimaera. 
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4} Schematic Representation of the Organization of the 
Fusion and the Flanking Vector Sequences (FIG. 3) 

Sizes are indicated in kbp. the chimaeric rbcS-nptIl cod- 
ing region is indicated by an open bar, the 5'-flanking 
sequence by a closed bar. EcoRI and Pstl indicate restriction 
endonuclease sites. SpR and ApR represent antibiotic resis- 
tance markers against spectinomycin aod ampicillin. Num- 
hers indicate the size of fragments obtained in the Southern 
experiments (FIG. 2). The DNA fragments between the gene 

fusion and the right part of the T-DNA represent the pBR322 
sequences present in the vector pGV3851. 
5) Transcriptional Activity of rbcS Promotor (FIG. 4) 

RNA was separated in denaturing 1% agarose gels and 
sransferred to nitrocellulose filters which were probed with 
different parts of the construction. The coding region of the 
nptll gene (BamHI- Saml fragment from: pKM109/9) was 
used as a probe. Lane 1:-RNAs from light grown teratoma 
shoots. Lane 2: RNAs from plant material kept in darkness 
for four days after a day/night rhythm of twelve hours. Lane 
3: RNAs from plant leaves transformed with pGV3850. 
Lane 4: RNAs from wild type Wisconsin 38. Weak signals 
in the latter are probably due to contaminating material in 
the probe which hybridizes to mRNA which is transcribed 
through the pBR322 sequences from a promotor active in 
the T-DNA or near the position of insertion in the plant 
chromosome. Numbers on the left indicate size in 
nucleotides, numbers on the the right refer to the Svedbexg 
values of RNA markers. 

6) Comparison of Light Dependence of rbcS and roclL 
Promotors (FIG. 3A) 

Poly(A}+ RNA from teratoma shoots grown in a daily 
rhythm of 12 hours light/dark (L) and material kept subse- 
quently for four days in the dark (D) were hybridized to an 
nptl specific probe (see FIG. 4) and to arbcS specific probe 
(see FIG. 2). The endogenous rbcS transcripts are observed 
at the position of 850 nucleotides. Poly(A}-RNA was analy- 
sed with the same technique probed with a 1750 bp fragment 
from a tbcL gene (ZURAWSKI et al., 1981). Numbers on 
the left refer to Svedberg values of RNA markers or to the 
size of the MRNA (right). 

7) Dot Blot Hybridization to RNA from Transformed 
(pGV3851::pSNIP) Plant Material (FIG. 5B) 

L indicates light grown material in 12 hour light/dark 
cycle. D indicates subsequent growth in the dark for four 
days. Single dots where cut out and radio-activity measured. 
8) Demonstration of Transport of TP-SS-NPTHL Precursor in 
Chloroplasts of Tobacco Plants Containing the 
pGV3850::pSNIF Construct (FIG. 6A) 

The results obtained in cach lane are commented hereat- 

ter: 
Lane 1: extracts from E. coli pGLT neol expressing a 
TP-NPTH protein (VAN DEN BROECK et al. Nature in 
press) atid E. coli pKM2 containing the Ta5 encoded NPTIL 
enzyme. 

Lane 2: Neomycinphosphotransferase activity in chloro- 
plasts purified irom leaves of tobacco plants containing the 
chimacric tp-ss-nptil gene. 

Lane 3: Crude extract from leaves of a control SR1 
tobacco plant. 

Lane 4: Crude extract from leaves of tobacco plants 
containing the chimaeric tp-ss-nptll gene. The P.KL band is 
presumed to be due to a cyloplasmic self-phosphorylating 
protein and C-P.X. is presumed io be due to a chloroplast 
self-phosphorylating protein. 

9) Graphic Display of the Relative Mobility of the Different 
NPTH Activities Detected in FIG. 6A (FIG. 6B) 


As described hereabove it is legitimate to make the | 


assumption that these proteins are separated according to 
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molecular weight on these native gels because of their very 
similar polarity index (CAPALDI and VANDERKOOL 
1972}. 

10) Light Dependant Expression of the SS-NPTI Fusion 
Protein (FIG. 7) 

Lane 1: Idem as for FIG. 6A. 

Lane 2: Idem as for FIG. 6A lane 4 except for the fact that 
the plants were kept in complete darkness for 96 hours 
before extraction. Lane 3: Idem as for FIG. 6A lane 4. 

the results obtained demonstrate that the use of Agrobac- 
terium vectors to transfer and express genes in plant cells 
(amply documented by CAPLAN et al. 1983; ZAM- 
BRYSKI et al. 1983; 1984; HERRERA-ESTRELLA ct al. 
1983; 1984) can be extended to target a foreign protein for” 
a specific cell compartment. namely the chloroplast. The 
results further demonstrate 
(i) that the gene fusion is integrated in the nuclear DNA 

of tobacco without rearrangement of the DNA 
(ii) that the transcription of this chimaeric gene (which 

contained a light inducible promoter sequence) is regu- 

lated by light. 
It is important to note that the induced transcripticn of this 
introduced gene is as efficient as that of the endogenous 
small subunit gene(s) and rather more efficient than previ- 
ousty observed in tobacco with another’ chimaeric gene 
using the same pea small subunit promotor (HERRERA- 
ESTRELLA ct al, 1984)..-Possibly the higher level of 
induced steady state mRNA in these tissues is due to 
improved mRNA stability. The presence of one intron in the 
transcript derived from this transit peptide small subunit 
neomycin phosphotransferase chimaeric gene (tp-ss-npti) 
and the absence of.any intron in the construction described 
by HERRERA-ESTRELLA et al. (1984), might explain an 
increased stability of this RNA (Hamer and Leder, 1978). 
Our observations also demonstrate that the pea small subunit. 
promotor can be active in leaves of normal tobacco plants. 
This is in contrast to previous observations in several 
laboratories which indicated that the pea small subunit 
promotor while active in tobacco tissue cultures and 
teratomas, was inactive in leaves of normal plants. Possibly 
a position effect is involved in this phenomenon the chi- 
meric tp-ss-nptll gene in (pGV3851::pSNIP) did aot con- 
tain a polyadenylation of a transcription termination signal. 
which probably explains the observed very large transcripts. 
It will be shown‘in Exarople I that the provision of a suitable 
polyadenylation or a transcription tecmination signal at the 
appropriate location after the npill gene resulis in the 
production of transcripts having substantially the same 
leneths as the transcripts of the aptil in its natural environ- 
ment. 

The data obtained hereabove demonstrate that the chi- 
maeric tp-ss-nptll gene, which upon expressicn yields a 
fusion protein with a tansit peptide and the conserved 
amino acid sequence flanking the processing site. is indeed 
translocated to the chloroplasts and is processed to yield a 
fusion protein located in the stroma. consisting of the 
NH,-terminal end of the small subunit protein and an active 
NPTII protein. This SS-NPTT fusion protein migrates in the 
gel NPTIl-assay with an electrophoretic mobility which is 
intermediate between the TP-NPTH (35.5 kd) and that of the 
original NPTT activity (29 kd). This mobility is in very good 
agreement with the molecular weight (32.298) of the 
SS-NPTII fusion protein. The results obtained indicate that 
this fusion protein. which confers kanamycin resistance to 
the transformed tobacco plants. is located within the chlo- 
roplasts and might leak out when the chicroplasts are 
broken. 
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However, the results obtained with the construction 
described in Example II hereafter demonstrate that the 
NPTII component of a precursor protein which contains 


only the transit peptide sequence immediately fused to the 


NPTIL protein and thus missing part of the conserved 
aminoacid sequence flanking the processing site, is equally 
translocated across the chloroplast envelope and apparently 
properly processed. The latter results indicate that the transit 
peptide sequence alone is sufficient to both transport and 
process precursor proteins into chloroplasts. 


"EXAMPLE I 


In this example a chimaeric gene encoding a fusion 
protein consisting of the transit peptide of the precursor to 
the srnall subunit of RuBP carboxylase from pea™* directly 


ay 
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internode, After 2~3 weeks, green, shoot-forming tumours 
appeared. Axenic tissue was obtained by growing the trans- 
formed tissue in vitro on Murashige and Skoog (MS) 
medium>? containing 500 pe/ml of cefotaximum, an antibi- 
otic to which ampicillin-resistant agrobacteria are sensitive. 
During propagation of the tissue, the sucrose concentration 
of the MS medium was reduced from 3% to 1% to improve 
greening. The green tissues were able to grow on medium 
containing 200 pe/mi of kanamycin, indicating that the 
tp-npt() gene was present and functionally expressed. The 
presence of the tp-npt)I]) gene was confirmed by Southern 
hybridization analysis*° of genomic DNA obtained from the 
transformed callus tissue (FIG; 9. lane 2). 

A parallel series of cointegration and transformation 


: ; : 15 experiments (data not shown) provided tobacco tum 

ne ae = idee was constructed. containing a Anca prea one nos-nprtihy *° tae 

In other words the bacteria enzyme into a novel “precur- = for the unaltered NPI (MD) protein under control of the 
sor” polypeptide was tested for its ability to be post > omoter from the nopaline synthase gene*”**. This allowed 
translationally imported and processed by chloroplasts both — the study the rate of NPT(ID) itself in transformed cells. 
under ia vive and in vitro conditions. e3) 

General Outline of the Plasmids Construction Fate of the tp-apt(If) Gene Product in Plant Celis 

Two plasmids have been constructed which contain chi- Since the TP-NPT(ID fusion protein is not a normal 
maeric genes encoding TP-NPT(H) (FIG. 8A). In the first component of plant cells, it was of interest to determine the 
plasmid, pGSSTneo3, the coding sequence for TP-NPTdD 35 final location of the fusion protein in transformed cells. 
is under control of the pea ss3.6 promoter which directs Specifically, we wished to know whether the transit peptide 
expression of chimaeric genes in plant cells**45, This con- — alone is capable of directing the uptake and processing of the 
struction has been used to study the fate of the fusion protein TP-NPTQD fusion protein by chloroplasts in vivo. 
in vivo in transformed tobacco cells. Another plasmid, Therefore, the following series of experiments were per- 
pGLTneol, was constructed to direct the synthesis of ,, formed to determine the fate of both TP-NPT(D fusion 
TP-NPTOD in E. coli under control cf the lacUY5 pro- protein and unaltered NPT(D in transformed tobacco cells. 
moter‘? in order to obtain sufficient quantities of the fusion The presence of NPT(ID of active NPT(ID fusion proteins 
protein for use in in vitro reconstitution experiments with in a- given extract can be determined using an in situ 
isolated chloroplasts. The fusion protein encoded in both enzymatic assay foc phosphotransicrase activity after gel 
plasmids consists of the 57 amino acid transit peptide and ,; electrophoresis (FIG. 10). The positions of the original 
the first methionine of the mature small sub-unit polypeptide = WPT (I and the TP-NPT(ID fusion protein were determined 
encoded by the pea ss3.6 gene“, a 7-aminoacid linker by assaying extracts of E. coli harbouring either 
fragment. and the NPT({I) devoid of the first methionine*” pBR322::Tn5 or pGLTneol, prepared as described*’. As 
263 aminoacids). The amino acid sequences in the authentic shown (lane 3, FIG. 16). the enzymatic assay on extracts of 
small sub-unit precursor encoded by ss3.6 and the fusion ,, plant tissue that does not contain the NPT(D coding 
protein are compared in FIG. 8B. It can be seen that the 


Cys/Met cleavage site of the precursor to the small sub-unit 
is left intact in the TP-NPT() fusion protein. 

To study the fate of the TP-NPT(I]) fusion protein in vivo. 
it was necessary to first obtain transformed plant cells 
expressing the to-npt(i]) gene product. 

The tp-npi(I) gene of pGSSTneo3 was brought into the 
genome of plant cclls by means of the vector pGV3a5l, a 
derivative of the Agrobacterium Ti-plasmid pTiC58*°. The 
plasmid pGV3851 contains a deletion which removes sev- 
eral of the T-DNA-encoded transcripts, including those 
involved in auxin production. but retains the gene involved 
in cytokinin synthesis. The result of this modification is that 
Agrobacterium harbouring pGV3851 induces. shoot-forming 
tumours. In pGV3851, the deleted portion of the T-DNA has 
been replaced by pBR322. pGSSTueo3 was inserted into the 
T-DNA of pGY3851 by recombination through the pBR322 
homology*”. , 

The T-DNA of several Agrobaterium exconjugants 
obtained on kanamycin-containing plates was examined by 
Southern hybridization analysis*° to confirm that the proper 
cointegration between pGSSTneo3 and the T-DNA of 

pGV3851 had occumred. The results obtained for one. of 
these pGV3851::pGSSTxeo3 exconjugants is shown in FIG. 
§, lane I. 

Stems of sterile tobacco seedlings were inoculated with 
this strain after wounding with a needle below the first 
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sequence in its genome reveals two bands of phosphotrans- 
ferase or kinase activity (these are noted by PE.. plant 
kinase). These bands do not represent NPT(ID) activity since 
they can also be observed when no kanamycin is included as 
substrate in the enzymatic reaction (data not shown). The 
faster migrating band is also found with chloroplast prepa- 
rations from the same tissue (lane 4, FIG. 18). When 2 
bacterial extract containing the TP-NPTCD fusion protein 
encoded by pGlTneoi is mixed with plant extract, a new 
major band of NPT activity appears (lane 2, FIG. 10). This 
band migrates more slowly than NPT) encoded by Ta5 
(lane 1. FIG. 16), and probaby corresponds to the bona fide 
TP-NPT(D. The change in mobility is due to a change in 
both molecular weight and charge as a result of the addition 
of the transit peptide. In lane 2 (FIG. 16), also minor bands 
with higher mobility can be observed. These likely corre- 
spond either to degradation products of the fusion 
polypeptide, or to smaller polypeptides translated from an 
internal ATG of the TP-NPT(ID coding sequence. 

Crude extracts obtained form transformed tissue contain- 
ing a nos-npt(@il) chimaeric gene contain NPT (I) activity 
(lane 5. FIG. 18). However, intact chloroplasts isolated from 
the same tssue do not have detectable NPT) activity 
associated with them (lane 5, FIG. 19). This observation 
suggests that the product of this chimaeric gene lacks the 
information necessary to mediate its translocation into chlo- 
roplasts. Crude extracts from tissue containing the tp-npt(I)) 
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chimaeric gene also contain considerable NPT(II) activity 
Gane 7), FIG. 10). When intact chicroplasts are isolated 
from this tissue. considerable levels of NPT{) activity are 
found to be associated with them (lane 8, FIG. 11). 
Moreover, the one neomycin phosphorylating protein 
observed in both the crude extract and the isolated 
chloroplasts, migrates with the same mobility as the TaS 
authentic protein, and differs from the NPT(I) fusion pro- 
tein from &. coli harbouring the tp-npt{I1) chimaeric gene 
(see also FIG. 11, lanes 1, 2, 3). Even after longer exposure 


22 
liquid cultures of Escherichia coli harbouring pGLTneol. 
Aliquots of the TP-NPTCD containing cleared bacterial 
extracts were incubated for 1 hour with chloroplasts isolated 
from pea leaves*>, Following inaubation, the chloroplasts 
were reisolated form the incubation mix and washed several 
times an isosmotic buffer until no TP-NPT(ID activity was 
detected in the supernatant. 
This preparation was used to determine whether there was _ 

NPTQ) activity associated with the stroma or membrane 
fraction of these chloroplasts. Lanes 1 and 2 of FIG. @ show 


10 : a 

of the autoradiogram there was no indication of the presence respectively the position of NPT(H) and TP-NPT(ID) present 
of this NPT(ID fusion protein. These observations show that ance ass pee Ped 6) els pond anal 2 
the NPT(D activity is concentrated in the chloroplast a Mane la seca angie nel (i). me 
: et ee aa stroma of chloroplasts isolated from pea docs not contain 
fraction, and that the TP-NPT(I) fusion protei Is deaved any phosphotransferase or kinase activity comigrating with 
very efficiently close to the fusion site, removing the transit 15 gither the TP-NET(D fusion polypeptide or authentic NPT 
peptide. CI). However, as observed earlier in tobacco, our assay 
Since the mature SS polypeptide is part of a soluble conditions reveal an endogenous Kinase activity (P-K_) asso- 
protein present in the stroma, it was of interest to determine ciated with chloroplasts. After incubating these chloroplasts 
whether the NPT(D activity associated with the isolated with bacterial extracts containing TP-NPT(D. the stromal 
chloroplast fraction is also sequestered in the same subor- 2 fraction obtained from the isolated organelles contains a 
ganellar compartment. Therefore, chloroplasts from considerable level of NPT activity dane 4, FIG. 6). 
pGV3851::pGSSTneo3-transformed tissue were lysed by whereas the membrane fractions does not (lane 6. FIG. 6). 
resuspension ina hypo-osmotic buffer, and fractionated into This NPT(H) activity mugraics like the original bacterial 
strormal and membrane fractions.‘The membrane fraction enzyme, which indicates processing. To confirm that the 
was further washed to eliminate stromal contamination. 25 NPT CD activity observed in the stromal fraction of chicro- 
Aliquots from these fractions were then subjected to elec- plasts incubated in the presence of the TP-NPT() fusion 
wrophoresis on non-denaturing gels and assayed in situ for protein was the result of uptake and not the result of 
NPT(I) activity. The results of this analysis (FIG. 11) liberation during the fractionation procedure of protein 
clearly demonstrate that all of the enzyme activity associated bound to the chloroplast cuvelope. chlor oplasts were reiso- 
arith the chloroplast fraction isolated from transformed 30 lated from the uptake incubation mixture. washed and sub- 


tissue is located in the stromal (lane 3, FIG. 11) rather than 
membrane (lane 4, FIG. 11) fraction of the plastids. To 
ensure that these findings represent uptake of the fusion 
protein by the chloroplasts and not non-specific binding to 


jected to limited proteolysis**. Following repurification. 
protease-treated chloroplasts were fractionated as -above. 
and the NPT(D activity was determined in both the stromal 
and membrane fractions. Most of the stromal NPT(D) activ- 


the plastid envelope and release during organelle 35 ity appears to be protected against protsasc digestion since 
fractionation, aliquots of isolated. chloroplasts were subject ‘the amount of activity recovered (lane 55. FIG. 6) is similar 
to protease treatment. Equal amounts of chicroplasts from to that found in non-treated chloroplasts (lane 4. FIG. 6). the 
protease-treated and non-treated preparations were then membrane fraction of protease-treated chloroplasts was 
fractionated as described above, and stromal fractions completely free of activity (lane 7, FIG. 6), Similar results 
assayed for NPT(I) activity. A large percentage of the 40 08 in vitro uptake of the TP-NPT(il) fusion protein have 
NPTOD activity present in non-treated chloroplasts (lane 3. been obtained using intact chloroplasts isolated from young 

FIG. 12) remains present in protease-ireated chloroplasts expanding tobacco leaves (data not shown). a 
(lane 4. FIG. 12) until these chloroplasts are broken (lane 2, These results demonstrate that the transit peptide of the 
FIG. 12). the slight decrease in activity observed is likely the precurser to the small subunit or ribulose-15-bisphosphate 
result of losses from plastid lysis rather than the lack of 45 is capable of mediating the uptake of polypeptides other than 
sequestering of the processed fusion protein withia the the mature smal] subunit by chloroplasts under in vitro assay 
chloroplast. conditions. That uptake of the NPT(I) protein by chloro- 
These results. clearly demonstrate that the TP-NPT CD ‘plasts in vitro does not occur in the absence of the transit 
fusion protein is targeted to the chloroplast, trans located peptide (data not shown) is consistent with our in yivo 
anto the stroma, and processed in a fashion similar to that of 50 Obseivation that chloroplasts prepared from callus tissue 
the small subunit polypeptide. transformed with nos-npt(IT) do not contain activity. These 
ae . observations further confirm the requirement for the transit 

In Vitro Uptake and Processing of the Fusion peptide in the trans location process. 
PEC ise Unlike previous in vitro uptake studies®, 47 which 
As an alternative approach to determine whether the 55 relied on the use of wheat germ extracts for the synthesis of 
transit peptide alone is sufficient to direct post-translational = — precursor polypeptides, we have used an E. coli expression 
uptake of proteins other than the mafure staall subunit system for the preparation of our fusion protein. Since 
polypeptide into chloroplasts and to test whether chloro- translocation of the fusion protein proceeds in this in vitro 
plasts can recognize and proteolytically remove the transit uptake system. this may be taken as an evidence for the lack 
peptide of a fusion protein, a series of in vitro reconstitution 60 of a requirement for additional cytoplasmic factors in the 
experiments were carried out with isolated intact chioro- translocation mechanism. However, in contrast to transio- 
plasts. The in vitro approach has previously been shown to cation studies with microsomal membranes™, it is not 
be useful in the analysis of chloroplast translocation practical to wash chloroplast preparations with high salt 
processes® *°*7, Here, we have adapted this method foruse buffers. Consequently, we cannot completely eliminate the 
with fusion proteias produced by E. cali. 65 


Bacterial extracts containing the TP-NPT(I) fusion pre- 
tein were prepared by sonication of exponentially growing 


possibility that the translocation of chloroplast proteins 
requires additional cytoplasmic factors which may be tightly 
bound to our chloroplast preparations. 
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The constructions of Example II and the conditions under 
which the results referred to herebefore were obiained, 
inasmuch as they are not ascertainable from the foregoing 
disclosure, will now be disclosed in a more detailed manner. 
1 - Detailed Description of the Construction of Plasmids 
Containing Chimaeric Genes Encoding the TP-NPT() 
Fusion Protein (FIG. 3A) , 

A 1-kb EcoRI-Sphi restriction fragment from pPSR6, a 
pBR327 derivative containing the pea small subunit ss3.6 
gene“*, was purified from a 1% agarose gel. This fragment, 


24 


area near the processing site of the small subunit precursor 
and the fusion point for the TP-NPTCD fusion protein are 
shown. The arrow indicates the protoolytic processing site 
defined for the small subunit precursor. The amino acid 
residues derived from the original NPT(II) protein are 
underlined. Amino acid residues are numbered above the 
sequences with the first methionine residue of the mature 


smpall subunit protein being taken as aminoacid number 1. 
37 


which contains the promoter region, nucleotide sequences Met...Ser Asa Gly Gly Arg Val Lys Cys Met Gin Val Tip Pro 
encoding the transit peptide and first methio nine codon of Pro Te Gly Lys Lys... 
the mature small subunit polypeptide, was ligated into Met... 


FcoRY/BamHi-cut pKm109/9 to replace the small EcoRI 
BamHI fragment in front of the NPT()-coding region. The 
plasmid pKm109/9 is a pBR322 derivative containing the 
npt(I) gene of ToS devoid of its 5'-untranslated region and 


the first methionine codon**. To fuse the 3'-overhanging cad. 


of the Sphi restriction site with the S'-overhanging end of the 
BamHI restriction site. a single-stranded oligonucleotide 5’ 
GATCCATG 3’, complementary to both protruding ends. 
was synthesized and added to the ligation mix®’. After 
fusion, the SphI site is abolished, but the BamHI site 
rernains. The resulting plasmid, pGSSTneol, was restricted 
with Smal and a 700-bp Pyull fragment, containing the 
transcription termination and polyadenylation signal from 
the ocs gene, was ligated into the site to ensure proper 
3transcripticn termination and processing. The intermediate 
pGSSTneo2 plasmid was then used in two different cloning 


steps. 

A) A 1.400 bp BamHI fragment from pUC4K’’ encod- 
ing the kanamycin resistance gene from Tn903 was isolated 
and cloned into the unique Bell restriction site of pGSST- 
neo2 yielding the plasmid pGSSTneo3. Kanamycin resis- 
tance is.used as a marker to select for the cointegration of 
pGSSTneo3 with the Ti-plasmid in Agrobacterium. 

(B) A 200 bp EcoRI/HindIll fragment from pKm10°%/ 
3°7-*5 containing the lacUV5 promoter region. was 
exchanged for the small EcoRI/Hindil fagment of pGSST- 
neo2. This allows for the expression of the TP-NPT(I) 
fusion protein in E. coli. The resulting plasmid is referred to 
as pGLTneol. Abbreviations: Ap*, ampicillin resistance: 
Km*. kanamycin resistance. Symbols: ~. pBR322 
sequence; [i[neo #2 =: 2, coding region for NPT(D; [> 
_ jacUV5 promoter region; A. 3" end. Representatica of 


— 
- 


the octopine synthase gene: [Pocs a promoter region; locs 
22 | coding region. Representation of the gene for the small 
subunit of ribulose-1.5-bis-phosphate carboxylase: [=== = , 


promoter and S'-untranslated region; [/// #, sequence 
encoding the transit peptide; [ #2 | exon; { =, intron. 
9 - Partial Aminoacid Sequence Comparison of the TP-NPT 
GD Fusion Protein and the Precursor to the Ribulose-1.5- 
bisphosphate Carboxylase Small Subunit Polypeptide (FIG. 
8B) | 

Partial aminoacid sequences for the precursor to the small 
subunit polypeptide of ribulose-15-bisphosphate carboxy- 
lase encoded by the pea ss3.6 gene™ (upper line) and the 
TP-NPT(ID fusion protein (lower line) are presented. The 


20 


th 


40 


30 


Ser Asa Gly Gly Arg Val Lys Cys Met Asp Pro Ala Asn 
Leu Ala Trp Iso Gin 


3) Incorporation of tp-npt(@) Gene iato the Genome of Plant 
Cells 

To insert pGSSTneolll in between the PGV3851 T-DNA 
borders. pGSSneolll was first introduced into the £. coli 
strain Gj23 which harbours the helper plasmids Ro4drdif 
and Gj28. These last two plasmids provided the Tra and Mcb 
functions required to mobilize pGSSTneo3 from E. coli to 
Agrobacterium namefaciens (harfouring pGV3851). Thus, 
after conjugation between the corresponding E. coli and A. 
tumefaciens strains. Agrobacterium exconjugants the coin- 
tegrate between pGSSTueolll and pGV3851 were selected 
on kanamycin containing plates. 

The T-DNA of several kanamycin-resistant Agrobacte- 
rium exconjugants was examined by Southern hybridization 
analysis™ to confirm that the proper ccintegration between 
pGSSTneo3 and the T-DNA of pGV3851 had occured. the 
result obtained for one of these pGV3851::pGSSTneo3 
exconjugants is shown in FIG. 3. . 

Reference is also made at the more detailed description of 
FIG. 19 which appears hereaftez. 
4) Southern Hybridization Analysis of Agrobacterium’ an 
Plant DNA (FIG. 9) 

The autoradiogram above shows the results of Southam 
hybridization® analysis confirming the presence and the 
structure of the tp-npt(I]) chimaeric gene in both cointegrate 
pGV3851i:pGSSTneo3 DNA and in genomic DNA from 
tmsformed tobacco cells. Lane 1, total Agrobacterium DNA 
from pGV3851::pGSSTneo3; lane 2. plant genomic DNA 
from tobacco callus transformed with 
pGV3851::pGSSTneo3. in both lanes two fragments hybrid- 
ize with the specific probe: one fragment of 2.6 kb repre- 
senting the EcoRI/BamHI fragment of pGSSTaeo3 contain- 
ing the Km*® pene of Tn903 and the SS promoter and transit 
peptide region; a second fragment of 1.85 kb representing 
the BamHi/Sall fragment of pGSSTseo3 that contains the 
coding region of NPT and the OCS 3' end. 

Total Agrobacterium DNA*® and plant genomic DNA 
from transformed callus tissue*® were prepared and 
restricted with EcoRI, BamHI, and Salil. Digest products 
were fractionated on a 1% agarose gel. transferred to nitro- 
cellulose paper, and hybridized with a *2P-labelled probe 
specific for the promoter and the coding region of the 
TP-NPTQD fusion protein (the probe was the smaller 
EcoRYSall fragment of pGSSTneol; see FIG. 8A). 


5) Localization of NPT) Activity in Chloroplasts _ 
Callus tissue (FIG. 10) 

The autoradiogram shows the presence aad mobility of 
NPT(ID activity in bacterial extracts and cellular fractions 
following in situ localisation on a 10% non-denaturing 
polyacrylamide gel*?. Lane 1, E. coli extracts containing 
NPTGD, mixed with crude extract of green pGV3851- 
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transformed tobacco tissue; lane 2, & coli extract containing 
TP-NPTOD. mixed with crude extract of green, pGV3851- 
transformed tobacco tissue; lane 3, crude extract from green 
pGV3851-transformed tobacco tissue; lane 4. intact chloro- 


26 
Lane 1, E. coli extract containing NPT(I); lane 2, £ coli 
extract containing TP-NPT(D); lane 3. stromal fraction of 
chloroplasts isolated from green pGV3851:: pGGSSTneo3- 
transformed: tobacco tissue; lane 4, membrane fraction of 


plasts from green -pGV385S1-transformed tobacco tissue; 5 chloroplasts in lane 3; lane 3. was of the membrane fraction 
jane 5, crude extract from green pGV3851i::pLGV23ne0- shown in lane 4. P.K-(7), sec FIG. 1€@. 
transformed tobacco issue; Jane 6. intact chloroplasts from Intact chloroplasts were isolated from greened tobacco 
green pGV3851::pLGY23neo-transtormed tobacco Ussue; _— tissue as described in the legend to FIG. 10. Chloroplasts 
lane 7; crude extract from green pGV3851:spGSSTneo3- — washed twice with sorbitol-Hepes buffer and recovered by 
transformed tobacco tissue; lane 8. intact chloroplasts from 10 centrifugation were fractionated intro stroma and membrane 
green pGY3 851::pGSSTneo3 transformed tobacco tissue. portions by resuspending plastids in 25 mM Tris-HCl (pH 
P.K_ (2): non-specific band present in untransformed plant —7_§)containing 0.5% B-mercaptoethanol followed by cen- 
tissue, probably duc to the activity of plant Kinase. trifugation at 18.800xg. Membrane fractions were twice 
Methods: Three grams of green callus were homogenised washed and pelleted to remove residual stomal contamina- 
by a few short bursts at low speed in a Waring BlendorinGR 15 tion. Wash fractions were routinely tested for residual NPT 
buffer (0.33M sorbitol, 50 mM Hepes-KOH (pH 7.5), 1] mM (if) activity. 
MeCL; 1 mM MaCl2; 1 mM MoCl,; 1 mM Na,-EDTA. 2 ; . 
mM Na, EGTA. 1 mg/ml isoacorbate, 05 mg/ml BSA). The 7) Protection of the NPI CD) Activity Present 
homogenate was filtered through two layers of Miracloth Withia Chloroplasts of pGV3851-pGSST-neo3- 
and the filtrate was centrifuged from 0 to 4340xg and braked 20 transformed Tobacco Cells to Protease Treatment 
in the shortest possible time. The crude chloroplasts pellet (FIG. 12) 
was resuspended in a few ml of GR buffer. Intact chioro- Intact chloroplasts isolated from pGV385 1:pGSST-neo3- 
plasts were prepared from cude chloroplasts pellets bY transformed tobacco callus tissue were subjected to limited 
sedimentation in.Percoll density gradients”. Gradieat- — proteotytic digestion and then fractionated into the stromal 
purified intact chloroplasts were washed with GR and lysed 25 and membrane components. The protease insensitivity of 
in 25 mM Tris-HCl (pH 7.5) containing 0.5% B-mereapio  —-. WPT (AD activity associated with these fractions was assayed. 
ethanol. _ Lane 1, & coli extract containing NPT(ID; lane 2. stromal 
Crude callus extracis were Pr epared by homogenizing 70 fraction of intact chloroplasts isolated from green 
Ing tissue in 70 pl extraction buffer (1% P-mercaptocthanol; = pGV38S1::pGSSTnco3-transformed tobacco tissue and 
50 mM Tris; pH 6.8; 0.13 mg/ml leu-peptine) and clearing ° lysed before protease treatment; lane 3, stromal fraction on 
of the homogenate (2 minutes at 18.800 g). Crude exiracts = non-protease-treated intact chloroplasts isolated from green 
of E. coli were prepared by sonication in a buffer containing = PGV3851::pGSSTnco3-ransformed tobacco tissue; lane 4. 
10 mM Tris. HCl @H 7.5); 10 mM MgCl.;-25 mM NH,C1i stromal fraction of protease-treated intact chloroplasts iso- 
and 10mM DIT, followed by centrifugation toremove —s lated from green pGV3851l::pGSSTneo3 transformed 
cellular debris. The assay for NPT(iD activity is a modifi- 35 tobacco tissue; BK. (2). see FIG. 3. 
cation of the in sity detection method described*’. Samples Intact chloroplasts were 
: : ; . : prepared from greened tobacco 
diluted with a 10xloading paren ca glycerol; 0.5% SDS; callus tissue py eee in the legend to FIG. 10. Protease 
10% B-mercaptocthanol,; 0.005% bromophenol blue) ook treatment of isolated chloroplast was carried out as previ- 
separated on a 10% (w/v) nondenaturing polyacrylamide Guosly described®?. Protease-treated and untreated plastids 
gel After electrophoresis, the gel was washed twice for 10 were fractionated as described in the legend to FIG. 5. 
minutes with distilled water and equlibrated for 30 minutes 
in 2xreaction buffer (100 mM Tris, pH 7.5; 50 mM MgCl,; 8) In Vitro Uptake of TP-NPT(M) Fusion Protein 
400 mM NH,Cl; 1 mM DTT). The gei was then transfered by Isolated Pea Chlcroplasts. (FIG. 13) 
onto a glass plate and overlaid with a 1% agarose gel : ‘ Sus id Sis nade 
Bae . . _ 45 An autoradiogram showing the in situ localization of 
containing 30 g/ml kanamycin sulphate and 200 pCi Y"P- © sorrcn activity in bacterial and chloroplast fractions fol- 
ATP in lxreaction buffer. After 30 minutes at room sadine GacionaG Ae “ne vol jernidouel 
temperature, the gel sandwich was covered with Whatman eliotn ceept nai gm eed Bes 
: hocellulose hy ¢ Wh 30MM is presented, Lane 1. extract from E. coli harbouring 
Fer Pu ee BR322:Tnd (NPT(D); Jane 2. extract from E. coli har- 
paper. anda stack of blotting paper pressed by weight (1 kg) ss el . '_ : : 
to allow binding of the phosphorylated kanamycin to the *? bouring pGLTneol (TP-NPT(ID)); lane 3. stromal fraction of 
. pea chloroplasts prior to incubation with bacterial extracts; 
P81 paper in a Southern-type transfer. After 3 hours the P81 ‘ : 
shed for § mi with $00 ml he ene lane 4. stromal fraction of pea chloroplasts incubated with 
ee ee ee plu bacterial extracts containing the TP-NPT(ID fusion protein; 
C.). and for 3 hours several times with a 50 mM sodium a : e : 
, aif H 7.0 8} iona-ond lane 5, stromal fractions of protease-treated pea chicroplasts 
phosphate butter (PH 7.0). the pel paper w2* and 5 (same amount as in lane 4) incubated with bacterial extracts 
autoradiographed overnight using an ap Aaa NORaINerS containing the TP NPT fusion protein; lane 6, washed 
visualise the radio-labelled kanamycin formed at the posi- 8 ‘ . i es 
. ‘ “th NPT ae . ; membrane fractions of the same chloroplasts as in lane 5; 
tion where ee eno teuer (i) activity migrate 10 the lane 7, washed membrane fraction of the same chloroplasts 
polyacrylamide gel. as in lane 4. 
6) Localization of NPT(I) Activity in the Stromal 6 Methods: Intact chloroplasts were isolated from pea 
Fraction of Chicroplasts Isolated from (Pisum sativum) leaves by sedimentation through Percoll 
pGV3851::pGSSTneo3-transformed Tobacco Tissue density gradients®>. Intact chloroplasts were washed and 
| (FIG. U1) resuspended in sorbitol-Hepes buffer (SO mM Hepes-KOH. 
Intact chloroplasts were isolated from pH 7.5; 0.33M sorbitol) and stored at 0° C. In vitro uptake 
pGV3851:pGSSTneo3-transformed callus issue and frac- 65 into isolated chloroplasts was carried out essentially as 


Honated into stromal and membrane fractions. The NPT) 
activity associated with each of these fractions was assayed. 


described®? except that the incubation mix was modified for 
use with bacterial extracts. Uptake reactions (300 pl final 


A154 
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yolume) contained intact chloroplasts (equivalent to 
200-300 ug chlorophyll) and 50 yl of bacterial extract (as 
described in the legend to FIG. 10) in buffer containing 
0.33M sorbitol. 50 mM Hepes KOH (pH 7.5), 1 mM Me. 
1 mM Na,-EDTA. Following incubation at 20°-22° C. in the 
light with gentle shaking for 1 hour, chloroplasts were 
diluted with sorbitel-Hepes buffer and intact chloroplasts 
recovered by centrifugation at 4340xg. Chloroplasts washed 
twice with sorbitol-Hepes buffer and recovered by centafu- 
gation were either fractioned immediately (see legend to 
FIG. 14) or subjected to protease treatment as previously 
described®. Aliquots of samples were either assayed imme- 
diately for NPT), or stored at —80° C. and assayed at a 
later time. 


The results presented in this example from both the in 
vivo and in vitro studies clearly: demonstrate that the NPT 
(if} component of the TP-NPT(ID fusion protein is translo- 
cated across the chloroplast envelope and is finally located 
in the stroma. The requirement of the transit peptide for this 
process is shown by the failure to detect uptake of NPT(D) 
by chloroplasts. when the transit peptide has not been fused 
to NPT@D. The TP-NPT(D fusion protein, however, bears 
no similarity in the aminoacid sequence to the small subunit 
precursor, particularly near to the processing site thereof 

jromediatcly following the transit peptide. This sugeests that 
all of the sequence information required for translocation 
resides within the transit peptide. 

Under normal physiological growth conditions fcr plants, 
the small subunit precursor is rapidly taken up and processed 
by the chloroplasts, and a large free pool of unprocessed 
precursor is not observed’ *°. It has been shown here, that 
in tobacco cells transformed with pGV¥V3851:pGSSTneo3. 
all of the nPT(D activity observed in either crude cellular 
extracts or isolated chloroplast fractions migrates on the gel 
system*” used with similar electrophoretic mobility to the 
original NPT(I). Processing of the TP-NPT(ID fusion pro- 
tein is presumably carried out by the same soluble, 
chioroplast-associated protease*® that is responsible for the 
processing of the small subunit precursar.. It seems likely, 
therefore, that the processing of the TP-NPT() fusion 
protein occurs at the same Cys/Met site (FIG. 8B) used in the 
small subunit precursor. Thus it can be hypothesized that the 
transit peptide can mediate not only translocation. but also 
site-specific processing. Furthermore, both the translocation 
and processing steps apparently occur rather efficiently in 
pG¥V3851::pGSSTneo3-transformed tobacco cells, since 
within the detection limits of our assay system, ali of the 
NPT(ID activity observed corresponds to the processed form 
of the TP-NPT() fusion protein. 

The results presented here again clearly demonstrate the 
applicability of using Agrobacterium-mediated cell transioz- 


20 


40 


28 


from pGSSTnea3 were then ligated with T4 ligase, whereby 
plasmid pLSSTueol was obtained. The plasmid containing 
the promoter region oriented in the proper direction was 
identified by restriction analysis with the SacI restriction 
enzyme and BamHL The plasmid (@LSSTxeol) which 
proved to contain the biggest Sacli-BamHI fragment was 
also the one which contained the promoter region and the 
TP-NPT It fragment in the proper orientation and under 
control of said promoter. 

There is thus shown another plasmid having thio ime a 
constitutive promoter instead of the normal leaf specific 
light-inducible promoter. Consequently, a plasmid was 
obtained which can cause the protein located downstream of 
the promoter to be expressed also in the dark and also in 
other tissues of the plant. In such a manner one controls the 
level of production of metabolites of interest. for instance 
fatty acids or amino acids. 

It will be appreciated that the invention also makes it 
possible to put a gene normally expressed under photosyn- 
thetic conditions under the control of a promoter which is 
normally operative in a constant manner (day and night). in 
such a way and for instance one can obtain the constant 
production of a determined amino acid under the contral of 
@ promoter operative in seeds. | 

The invention thus opens thé way to important agricul- 
tural applications involving chloroplast functions, More 


particularly it enables the introduction of proteins of con- 


trolied structure in plant-cells chloroplast. These proteins 
can be introduced into the chloroplast either as such or as 
fusions with proteins or protein subunits which are coded for 
by natural genes and normally transported into the plant cell 
chloroplast. These proteins may either be proteins foreign to 
the plant cells to be transformed or be similar to endogenous _ 
proteins, yet different there from by.controlled mutations. 
Particularly the invention now provides for the possibility of 
modifying at will genes including a determined protein, for 
instance for the sake of improving the activity of the enzyme 
encoded by the chloroplast genes. The invention also pro- 
vides for the possibility of substituting another promoter for 
the endogenous promoter included in the natural gene to 
thereby regulate in a controlled manner the production of the 
chloroplast proteins. , . 

The invention further provdes valuable tools for a better 
understanding of the role played by various domains of 
transported proteins interacting with chloroplast coded pro- 
teins. It also renders possible the study of whether deter- 
Tnined chimaecric genes can direct the transfer of proteins 
normally encoded by the chloroplast back into this 
organelle. Model systems of chloroplast-cncoded genes of 
importance for basic research and agricuiturai application 
are readily available, such as the large subunit of RuBP 
carboxylase. which contains the catalytic site of the 


so holoenzyme, or the 32 K protein conferring resistance to 

mation to introduce foreign genes into plants. certain herbicides. The similarity between the results 
‘ obtained from in vivo and in vitro studies also suggests that 

Ere a the production in £. coli of fusion proteins composed of 

Construction of a plasmid encoding a chimacric gene segments of nuclear-encoded organelle polypeptides and an 
encoding the TP-NPTQD fusion protcin and wherein the enzymatic reporter is a powerful technique for the rapid 
coding sequences are under the control of a foreign promo- 53 analysis of the signals and processes involved in protein 
tor (FIG. 14) import by isolated organelles. 

The construction starts from pGSST neo3. This plasmid The invention further provides the means which enables 
was then digested with EcoRI and Hind IIL The staggered  chimacric engineering of plants with a potential for amino 
ends of the long fragments were filled in with the Klenow acid overproduction or improvement of plant productivity, 
polymerase. The DNA obtained was then ligated to a © and therefore meets needs which have already been recalled 
SauTlA fragment (270 bp) originating from plasmid pLGY in the preamble of this application. 

2382. . The use of transit peptides for specifically targeting 

This SaulllA fragment contains the promoter of the polypeptides in the chloroplast also provides the possibility 
nopaline synthase (HERRERA-ESTRELLA L. et al (1983) of genetically engineering genes containing sequences 
Embo J.. 2. 987 995). The latter fragment was also treated 65 encoding key enzymes of given pathways in such manner 


with the Klenow fragment of the DNA polymerase. The 
SaulllA fragment so repaired and the repaired fragment 


that said key enzymes are no longer subjected to the normal 
regulation systems included in the natural plant cells. 
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The invention also provides means for solving other 
problems that have been mentioned in the preamble ic, the 
production of herbicide resistant plants. Actually the inven- 
tion now provides a method for fusion of a “second 
sequence” encoding the protein of interest with a first 


30 


These cultures have been assigned the following acces- 
sion numbers: 





Int<nal Code! Plesnad 





sequence encoding a transit peptide, the chimaeric gene so : Taxoncmic Designation im strain DSM No. 
produced being capable after its insertion in the genetic 
DNA of the cells of the plant of interest to control the eo PSR 6 deka RV 3161 
translocation of the protein of interest into the chloroplasts. poor ath p 1-22 3162 
The invention opens the way to many other applications. E cof K12 aad VI : 
A few additional examples are illustrated hereafter and in 10 AZM p i-4 3163 
which the enzyme Ribulose bisphosphate carboxylase E colt and VU 
(RuBPCase) can be brought into play. AZ 4 pGY 710 3164 
a) Improvement of the carboxylase/oxidase ratio. E coli X12 «ad VU ; 
This enzyme catalyzes two enzymatic reactions: od oa pGV 3850=pSNIEP 3165 
1) The condensation of a molecule of Ribulose bisphosphate , 5 AZ E : OGY 3850=pSNIF 3166 
with a molecule of CO. to form two moleaules of phos- AGR. TUMEE. : ~ 
phoglyceric acid (Carboxylase reaction). AZ pGv 3850, 3167 
2) Reaction of a ribulose bisphosphate molecule with 2 AGR. TUMER Vit 
molecule of oxygen to produce phosphoglycolate ee ee eee 
(oxidase reaction). 
The latter is a competitive reaction with the carboxyla- *° REFERENCES 


tion. Therefore it limits the efficiency of conversion of CO, 
into organic compounds. 

The invention now provides a technique of site directed 
mutagenesis which allows the controlled alteration of a 
determined protein to be given full effect. For instance the 
modification of the RuBPCase in such a way that the 
carboxylase/axidase ratio is much more favourable can now 
be contemplated. Another approach is to simply take a gene 
encoding for the RuBPCase from another plant or from 
another organism such as cyanobacteria which have a more 
fayourable ratio, to fuse it with a nucleic acid fragment 
containing a promoter and a transit peptide effective in the 
plant of interest and to introduce the chimaeric gene 
obtained into said plant. 

b) Improvement of plant productivity. 


There are several factors limiting plant productivity such 7 


as lack of nutrients and a low efficiency in light harvesting 
oc CO, assimilation. Since the lack of nutrients can be 
solved using fertilizers, one of the main limiting factor fox 
plant productivity becomes CO, assimilation. CO, uptake 
by a leaf depends mostly on two factors: 
i) The physical diffusion of CO, along the plant cells and 
2) the efficiency of CO. conversion to organic compounds. 
Although different pathways for CO, assimilation exist in 
higher plants. they share the same limiting step. which is the 
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1) a transit peptide of a cytoplasmic precursor of a 
chloroplast protein or chloroplast polypeptide of a 
plant species, and 

2) a protein or polypeptide of interest which is different 
from a mature chloroplast protein of chloroplast 
polypeptide derived from a natural cytoplasmic pre- 
cursor thereof. and, 

_b) a promoter upstream of said. nucleic acid sequence 

recognized by polymerases endogenous to said plant. 
wherein the chimaeric DNA sequence can be expressed in 
cells of said plant under the control of said promoter. and 
said protein or polypeptide of interest is translocated into the 
chloroplasts of said cells of said plant. . 

2. The plant of claim 1, in which said protein or polypep- 
tide of interest is of bacterial origin. 

3. The plant of claim 1 in which said protein or polypep- 
tide of interest is of plant origin. 

_ 4. The plant of claim 1 in which said protein or polypep- 
tide of interest confers resistance to an herbicide. 

5. The plant of claim 1 in which the first amino acid of 
said protein or polypeptide of interest is a methionine. 

6. The plant of claim 1 in which no more than the first 
seven amino acids of said protein or polypeptide of interest 
are encoded by a synthetic nucleotide linker. 

7. The plant of claim 1 in which the transit peptide is from 
a cytoplasmic precursor of a chloroplast protein selected 
from the group consisting of the small subunit of ribulose- 
1.5-bisphosphate carboxylase. and chlorophyll a/b binding 
protenmn. 

8. The plant of claim 7 in which the transit peptide is from 
a cytoplasmic precursor of the small subunit of mbulose-1. 
5-bisphosphate carboxylase of a plant’ selected from the 
group consisting of soybean, pea, duckweed, and wheat. 

9. The plant of claim 7 in which the transmit peptide has 
the sequence selected from the group consisting of: 


—A—A—V—A—? —F -G—G—-L —-K—S —Mi— 


7 —G—? —P —V¥—-K—-XK —V—-N-—T—D—1 —T—s —1 —T—S$ —N—G-—G—R—V—K—C, and 


W—A ~A S$ —S —S —S —S —M—A—L —S —3 —P —T 1 —A-—G-E~-Q-1 —E-L NP —S -S Qa el GAA 


R—P —T. 
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We claim: 
1. A plant containing in its nuciear genome a chimaeric 

DNA sequence, comprising: 

a) a nucleic acid sequence coding for a chimaeric protein 
or polypeptide comprising in sequence: 


a3 


65 


19. The plant of claim i in which said promoter is 
normally associated with the DNA encoding said transit 
pepude. 

11. The plant of claim 10 in which said promoter is a 
promoter of a geae selected from the group consisting of, the 
plastocyanin gene, the ferredoxin-NADP+. oxy doreductase 
gene. the ribulose-1.5-bisphosphate carboxylase gene, and 
the chlorophyil a/b binding protein gene. 

12. The plant of claim 1 in which said promoter is forcign 
to the DNA encoding said transit peptide. | 

13. The plant of claim 12 in which said promoter is a 
promoter of the nopalin synthase gene, 

14. A plant containing in its nuclear genome a chimaeric 
DNA sequence comprising: 

a) a nucleic acid sequence coding for a chimacric protein 

or polypeptide comprising in sequence: 

1) a transit peptide of a cytoplasmic precursor of a 
chloroplast protein or chloroplast polypeptide of a 
plant species, and 

2) a hybrid protein comprising in sequence: 

2.1) alinker. and 

2.2) a protein or polypeptide of interest which is 

different from said chicroplast protein or chloro- 


plast polypeptide 


A158 
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35 
wherein said linker does not significantly alter the biological 
property of said protein or polypeptide of interest in said 
hybrid protein, and 

b) a promoter upstream of said nucleic acid sequence 

recognized by polymerases endogenous to a plant. 
wherein the chimaeric DNA sequence is expressed in cells 
of said plant under the control of said promoter, and said 
hybrid protein is translocated into the chloroplasts of said 
cells of the plant. os 

15. The plant of claim 14, wherein said linker is a 
N-terminal part of a mature chloroplast protein ar chlcro- 
plast polypeptide derived from a natural cytoplasmic pre- 
cursor thereof. : 

16. The plant of claim 15° in which said protein o 
polypeptide of interest is of bacterial origin. 

17. The plant of claim 15 in which said protein o 
polypeptide of interest is of plant origin. 

18. The plant of claim 15 in which said protein of 
polypeptide of interest confers resistance to an herbicide. 

19. The plant of claim 15, in which said N-terminal part 
is encoded by 2 DNA sequence that comprises an intron. 

20, The plant of claim 15 in which the transit peptide is 
from a cytoplasmic precursor of a chloroplast protein 
selected from the group consistinf of: the small subunit of 
sibulose-1.5-bisphosphate carboxylase, aad chlorophyll a/b 
binding protein. 

21. The plant of claim 15 in which the transit peptide is 
from a cytoplasmic precursor of the small subunit of 
ribulose-1.5-bisphosphate carboxylase of a plant selected 
from the group consisting of: soybean, pea, duckweed, and 
wheat. 

22. The plant of claim 21 in which the transit peptide has 
the sequence selected from the group consisting of: 


25 
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1) a transit peptide of a cytoplasmic precursor of a 
chloroplast protein or chloroplast polypeptide of a 
plant species, and, 

2) a fusion protein cormprising in sequence, 

2.1) a N-terminal part consistinf of no more than the 
first 22 N-terminal amino acids of a mature chlo- 
roplast protein or chloroplast polypeptide derived 
from a natural cytoplasmic precursor thereof, and 

22) a protein or polypeptide of interest which is 
different from said chloroplast protein or polypep- 
tide and, 

b) a promoter upstream of said nucleic acid sequence 

recognized by polymerases encodesous to said plant, 

wherein the chimaeric DNA sequence is expressed in cells 
of said plant under the control of said promoter, and said 
fusion protein is translocated into the chloroplasts of said 
cells of said plant. 

28. The plant of claim 27 in which said protein or 
polypeptide of interest is of bacterial origin. 

29. The plant of claim 27 in which said protein or 
polypeptide of interest is of plant origin. 

40. The plant of claim 27 in which said protein or 
polypeptide of interest confers resistance to an herbicide. 

31. The plant of claim 27 in which said N-terminal part is 
encoded by a DNA sequence that comprises an intron. 

32. The plant of claim 27 in which said N-terminal part is 
from the small subumit of the tibulose-1]5-bisphosphate 
carboxylase of Pisum sativurn. 

33. The plant of daim 27 in which said N-terminal part 
consists of no more than the first five N-terminal amino acids 
of said chloroplast protein or polypeptide. 

34. The plant of claim 33 in which said N-terminal part 


~ has the sequence M-Q-V-W-P. 


MAS —M—-I —S —-S —S —A—V—T —T-—V—S —R—A-—S —R —G--Q—S —A—A—V-A—P —# asain Ske . 


+B PP HV RK —-V NT —D 1 —T~S HI —T—S -N-—G—-G--R-V~—-K—C, end 


M—A~A~S —S —S —S —S —M—A—L —S —S —? —T1 —-A-G-K-—Q—1 K-14 -N-P —S —S Fe ne ge gee coe ee ee 


R—P -—T. 


23. The plant of claim 15 in which said promoter is 
normally associated with the DNA cneoding said transit 
pepiide. 
~ "34. The plant of claim 23 in which said promoter is a 
promoter of a gene selected from the group consisting of: the 


35. The plant of claim 27 in which the transit peptide is 
from a cytoplasmic precursor of a chloroplast protein 
selected from the group consisting of: the small subunit of 
ribulose-]_S-bisphosphate carboxylase, and chlorophyll a/b 


g binding proteins. ; 
plastocyanin gene, the Terredoxin-NADP+toxyda@educiase 36. The plant of claim 35 in which the transit peptide is 
gene, the ribulose-15-bisphosphats carboxylase gene. and from a cytoplasmic precursor of the small subunit of 


the chlorophyll a/b binding protein gene. 

25. The plant of claim 15 in which said promoter is 
foreign to the DNA encoding said transit peptide. 

26. The plant of claim 25 in which said promoter is a 
promoter of the nopaline synthase gene. 


ribulose-1.5-bisphosphate carboxylase of a plant selected 
from the group consisting of soybean, pea, duckweed, and 
wheat. 

37. The plant of claim 36 in which the transit peptide has 
the sequence selected from the group consisting of: 


M—A—S —M~I —S —S —S —A—V-—T —T—V—S —R—A--S —R —G-—Q—S AAV AP —3—G-L K-38 —K— 


p—G—F -P VK —-K—V NT DH ~T—s 1 —T-—S —N-G-—G-R—V—K—, oad 


WA —-A~S —S —S—S —S —M—A—L —S —S —P ~T —L —A—G-K+Q-1 KL —N—P —S +S O22 Ga he 


R—P —T. 


27. A plant containing in its nuclear genome a chimaeric 
DNA sequence comprising: 


38. The plant of claim 27 in which said promoter is 
normally associated with the DNA encoding said transit 
peptide. 

39. The plant of clairn 38 in which said promoter is a 
promoter of a gene selected from the group consisting of: the 
plastocyanin gene, the ferredoxin-NADP+ oxydoreductase 


6S 
a) a nucleic acid sequence coding for a chimaeric protein 


or polypeptide comprising in sequence: 
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5,728,925 
S] 38 

gene, the ribulose-15-bisphosphate carboxylase gene, and 42. A seed of the plant of any oue of claims 1 to 4.7, 14, 
the chlorophyll a/b binding protein gene. 15 and 27, comprising said chimaeric DNA sequence. 

49. The plant of claim 27 in which said promoier is 43. A cell of the plant of any one of claims 1 to 4.7. 14. 
foreign to the DNA encoding said transit peptide. 15 and 27, comprising said chimaeric DNA sequence. 

AL The plant of claim 40 in which said promoter is a 
promoter of the nopalin synthase gene. sof = oR 


A160 
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UNITED STATES DISTRICT COURT FILED 
EASTERN DISTRICT OF MISSOURI a 
EASTERN DIVISION AULA a 
U. S. DISTRICT coURT 
MONSANTO COMPANY, etal, _) EASTERN GISTRICT OF Ho 
) ST. LOUIS 
Plaintitis, ) 
) 
VS. : ) Case No. 4:01CV1825 CDP 
) 
BAYER CROPSCIENCE LP, ) 
| } 
Detendant. ) 


CLAIMS CONSTRUCTION ORDER 

Having considered the parties’ filings and heard hee arguments, and for the 
reasons stated in open court, 

TT IS HEREBY ORDERED that the disputed terms, as used in the claims 
at issue, are construed as follows: 

The term “chimeric gene” means a gene that is comprised of parts that do 
not occur together im nature. 

The term “chimeric plant gene” means a chimeric gene that is expressible in 
a plant. 

The term “chloroplast transit peptide” means a naturally occurring series of 
amino acids that causes the transport of a polypeptide into a chloroplast. 

The term “chloroplast transit peptide/5-enolpyrulvylshikimate-3-phosphate 


synthase [EPSPS] fusion polypeptide” means a polypeptide that has at least two 


AN 
Alo] \ 


Case 1:04-cv-00305-SLR Document 233-10 Filed 01/19/2006 Page 15 of 20 


REDACTED VERSION ~ PUBLICLY FILED 


parts, which must include a chloroplast transit peptide (as defined above) joined to 
an EPSPS, where the chloroplast transit peptide and EPSPS are not found together 


in nature. 


The term “permits the fusion polypeptide to be imported into a chloroplast 
of a plant cell” means the function of a chloroplast transit peptide (as defined 
above). 

These definitions apply to the use of these terms each time they appear in 
each of the claims at issue, and will be incorporated into the jury mstructions. 

YP IS FURTHER ORDERED that a telephone conference will be held 
with all counsel on #riday. August i, 2003 at 11:00 a.m. to discuss any 
modifications to the Case Management Order in this case necessitated by my 
granting the parties’ request to delay resolution of these issues. Counsel for Bayer 
is responsible for placing the call and assuring that all necessary counsel are 
included, and I expect counsel to conter in advance and attempt to os | 


agreement on any proposed modifications. 


CATHERINE D. PERRY ; 


UNITED STATES DISTRICT JUDGE 


Dated this 2nd day of July, 2003. 


AOZ 
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AN ORDER, JUDGMENT OR ENDORSEMENT WAS SCANNED, FAXED AND/OR MAILED TO THE 
LOWING INDIVIDUALS ON 07/02/03 by bkirklan 

42:Uicyvie7zs Monsanto Company vs Bayer CropScience LP 
15:1126 Patent Infringement 


LF THIS IS A FINAL JUDGMENT YOU MUST SEND THE AO120 
PATENT/TRADEMARK FORM TO: 
COMMISSIONER OF PATENTS & TRAKEMARKS 
WASHINGTON, DC 20231 


Jeanine Bermel - 2622 Fax: 314-480-1505 
Joseph Conran - 6455 Fax: 314-480-1505 
Francis DiGiovanni -. Fax: 302-658-5614 
Daniel Harbison - Fax: 302-658-5614 
Connie Jones - Fax: 713-787-1440 
Jeffrey Kass - 60672 Fax: 314-621-5065 
Susan Knoll - Fax: 713-787-1440 
John Lynch - Fax: 713-787-1440 
Melinda Patterson - Fax: 713-787-1440 
George Pazuniak - Fax: 302-658-5614 
Jonn Quinn - 4110 Fax: 314-612-2280 
Steven Spears ~- Fax: 713-787-1440 
Jay Summerville - 4502 Fax: 314-621-5065 
bisa Wood - 2707 Fax: 314-621-5065 


OMA RRS at - 
SCANNED & FAXED. RY: 


JUL ~ 2 2003 
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Dilip M. Shah - October 7, 2005 
Monsanto Company v. Syngenta Seeds, Inc. 





a MONSANTO COMPANY and 

2 MONSANTO TECHNOLOGY, LLC 

3 VS. 

4 SYNGENTA SEEDS, INC., 

5 SYNGENTA BIOTECHNOLOGY, INC. 
6 

7 

8 

9 
10 


saab VIDEOTAPED DEPOSITION OF DILIP M. SHAH 





nie OCTOBER 7, 2005 
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Kenneth Keegstra - December 15, 2005 


Monsanto Company v. Syngenta Seeds, Inc. 





IN THE UNITED STATES DISTRICT COURT 


FOR THE DISTRICT OF DELAWARE 


fs 


MONSANTO COMPANY and ) 
MONSANTO TECHNOLOGY | ) 
LLC, ) 


) 


Plaintiffs, } 
) Cavill, Action 
) No. 04-305-SLR 
ae ) (lead case) 
} 
) 
SYNGENTA SHeDs, INC., ) 


SYNGENTA BIOTECHNOLOGY, } 


INnNC., 


Defendants. ) 
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